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Nomenclature 
 
CI: Confidence interval 
GEE: Generalized estimating equations 
ISAAC: International study on asthma and allergies in childhood 
ISCO: International standard classification of occupations 
MICE: Multiple imputations by chained equations 
NDVI: Normalized difference vegetation index 
NIR: Near-infrared spectral region  
OR: Odds ratio 
RR: Red reflectance 
SOLAR: Studie in ost- und westdeutschland zu beruflichen allergierisiken  
TICS: Trier inventory for chronic stress 
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Summary 
Introduction: Job-related chronic stress is a mental health problem that could appear during life. 
High levels of chronic stress bring different health related complications. Populations like students 
and young adults are more vulnerable to high levels of job-related chronic stress, specifically those 
in the transition from school life to university or job life. Moreover, certain professions trend to 
increase the levels of stress in workers. However, studies comparing types of jobs and job-related 
chronic stress in young adults are scarce, as are those comparing university students with non-student 
equals. Environmental factors not directly related to working places could also affect mental health 
in young adults at early stages during working life. Access to green environments has shown 
significant benefits in mental health in young people and in workers. There are few prospective 
studies relating exposure to green environments with job-related chronic stress in young adults. Using 
a German cohort of young adults transitioning from school to university/job life, we compared job-
related chronic stress levels among university students and their non-student counterparts, different 
occupational groups and different levels of greenness around their homes. 
Methods: We used data from a population-based cohort in Munich and Dresden two dimensions of 
chronic stress at university or job: Work overload and work discontent as outcomes, and job history 
and type of occupation as exposure variables. Using residential addresses, we calculated residential 
greenness as the environmental exposure. We considered data on socio-demographics, stress outside 
the workplace and environmental variables as potential confounders. Ordinal generalized estimating 
equations models were used to study associations between the two dimensions of job-related chronic 
stress and occupation, type of job and levels of residential greenness controlling for potential 
confounders. Missing data were handled using multiple imputation techniques. 
Results: At the second follow-up, we used data from 1688 participants. Students, compared to 
employees, reported a more substantial increase in work overload (adjusted odds ratio (OR): 1.33; 
95% confidence interval (95% CI): 1.07, 1.67). We did not find statistically significant differences 
between work dis-content and the groups. Regarding the environmental exposure, we found an 
association between higher levels of greenness (quartile 4 vs. quartile 1) as well as less work 
discontent (OR 0.89; 95% CI 0.80 to 0.99) and less work overload (OR 0.87; 95% CI 0.78 to 0.96). 
Conclusions: Young adults could experience more work overload when transitioning from school to 
university/job life, and university students experienced the most substantial increase. Additionally, 
residential greenness exposures are inversely associated with two types of job-related chronic stress. 
We believe that stress-relieving interventions targeted to university students and health professionals, 
as well as public policies to promote access to greenness, could benefit mental health in young adults 
transitioning from school to job/university.  
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Introduction 
Job-related chronic stress could appear early in working life and varies across lifespan[1]. Variations 
of job-related chronic stress perception depend on aspects in daily life activities and interactions with 
working environments[2]. Research has shown that high levels of chronic stress in workers lead to 
health issues, e.g., sleep disorders, cardiovascular diseases and several mental health outcomes like 
anxiety or depression, among other complications[3-5]. Additionally, it is well know that certain 
professions could lead to higher levels of stress perception compared with others, especially high 
demand jobs with low reward could deteriorate the mental health in workers[6]. Susceptible 
populations like students and young adults transitioning from school to university/job life experience 
increments in job-related chronic stress.  
Many young people in training combine studies with part-time jobs[7]. This is especially important 
in countries like Germany that have a dual training system connecting school-based training with 
training time at work. German young adults have reported a high prevalence of perceived chronic 
stress[8]; however,  especially university students are more likely to experience high levels of anxiety, 
depression or stress[9, 10]. German laws to prevent and treat job-related chronic stress at the 
workplace are well implemented in companies[11], however, similar guidelines are mostly lacking 
at German universities. In that sense, there is lack of studies comparing stress levels between students 
and workers or across different types of jobs, using a valid instrument applicable both in school and 
work settings in a longitudinal design.  
Mental health in young adults transitioning from school to job/university is not only affected by 
working environments at the early life but also by environmental factors outside the working place, 
like residential places[12, 13]. In particular, major cities have adverse effects on mental health, 
partially due to excessive commuting times or reductions in social interactions[14-16]. Researchers 
have shown healthful effects of living in more natural residential places [17, 18]. Adolescents exposed 
to green environments reported gains in emotional well-being, physical activity and project 
management capabilities compared to adolescents living in less “green” areas[19]. Similarly, workers 
exposed to green environments also showed better psychological health compared to unexposed 
workers[20-22]. Nevertheless, there are not many studies relating exposures to green environments 
with job-related chronic stress in young adults, especially not using a prospective design. 
 
Aims 
Because occupational status, type of job and green spaces are associated to job-related chronic stress 
in young adults transitioning from school to university/job, this doctoral thesis aimed to:  
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• Compare job-related chronic stress levels among university students and their non-student 
counterparts, as well as across different occupational groups. 
• Investigate the association between exposure to greenness around homes with job-related 
chronic stress levels.  
 
Materials and Methods 
Study population 
We analyzed the population of the SOLAR (Studie in Ost- und Westdeutschland zu beruflichen 
Allergierisiken) I and SOLAR II studies[23]. Both studies aimed to investigate the course of 
respiratory diseases and allergies in children and young adults. Additionally, occupational risk factors 
were assessed to investigate the association between occupational factors, stress and respiratory 
diseases. SOLAR I and SOLAR II were the first and the second follow-ups of the German branch of 
Phase II of the International Study on Asthma and Allergies in Childhood (ISAAC Phase II)[24], 
which was carried out in 1996/97 in Munich and Dresden. SOLAR I was conducted from 2002 to 
2003 also in these two cities, and SOLAR II was conducted from 2007 to 2009. Starting in SOLAR 
I, questionnaires included a detailed employment history and the Trier Inventory for Chronic Stress 
scale (TICS)[25, 26]. The TICS scale is a well-established instrument that applies to job-related 
chronic stress as well as stress outside the workplace. 
In order to compare occupational groups, type of job and their respective chronic stress levels, a 
population of 2051 out of the 2904 young adults who had agreed to participate in SOLAR II could 
be included. We excluded participants who had a previous job history before SOLAR I, had unclear 
educational status, and those with two or more missing items in the TICS scale. The final study 
population in this first analysis included 1688 young adults with missing data. 
In the second analysis relating exposure to greenness around the homes and job-related chronic stress, 
we geocoded families’ or participants’ most recent address and matched them to the individual 
questionnaire information. We excluded those that moved out of the study areas (n=56). In this second 
analysis, the study population included 1632 participants.  
All participants or their legal guardians provided written informed consent. The Bavarian Chamber 
of Physicians in Munich, the ethics committees from the University of Ulm and the University of 
Dresden, respectively, approved the studies (EK 38022007). 
Variable definitions 
Outcome: Job-Related Chronic Stress.  
Two of the six dimensions of the TICS scale were used as outcomes for both analyses: work 
discontent and work overload. All TICS sub-scales were measured on a five-point Likert scale 
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ranging from “never” (0 points) to “very often” (4 points). Each subscale of the TICS was categorized 
based on the frequency of stressful situations as: “low” (≤ median), “average” (above median to 
median + 1 standard deviation) and “high” (≥ one standard deviation above the median). We used 
medians and standard deviations obtained in SOLAR I to categorize the outcomes in SOLAR I and 
SOLAR II.  
Exposure 1: Occupation and type of job 
At SOLAR I and SOLAR II, participants reported their occupational status as well as any jobs they 
had before SOLAR I and between SOLAR I and SOLAR II. We considered the occupational status 
as a time-varying exposure because at SOLAR I the majority of the participants were students. At 
SOLAR II, the occupational status was categorized as: employee, university-student, vocational 
trainee, unemployed, self-employed, and other (i.e., maternal leave or work disability).  
All jobs held until two years before SOLAR II were considered and coded according to the 
International Standard Classification of Occupations (ISCO-88) by two trained coders[27]. We 
constructed five job groups, each one with at least 90 participants (no vs. yes): clerks (ISCO-88 major 
group 4), professionals and technicians (ISCO-88 major group 2 and 3), health professions (with 
direct patient contact), plant machine operators (ISCO-88 major group 8) and elementary occupations 
(ISCO-88 major group 9). Each participant could hold more than one type of job over the study 
period. The reference category was “never worked” for each of the job groups. 
Exposure 2: Greenness of the home environment 
Using the geocoded participants’ addresses at SOLAR I and SOLAR II, we estimated the greenness 
around the participant’s homes using the Normalized Difference Vegetation Index (NDVI)[28]. 
NDVI is a satellite-images-based vegetation index that considers the ratio of the difference between 
near-infrared spectral region (NIR), radiation beyond the visible spectrum and vegetation strongly 
reflects, and the red reflectance (RR) the light which vegetation absorbs[28]. It ranges between -1.0 
(water) to 1.0 (dense green vegetation) with 0 indicating sand, snow or rocks. We used buffers of 500 
m radius around the home address to average the NDVI measures. This radius was considered because 
it approximates better the greenness directly accessible to outside of each home[29]. We treated 
greenness exposure also as a time-varying exposure because it was measured in SOLAR I and 
SOLAR II. 
Statistical analysis 
Given that job-related stress was measured as an ordinal variable in two-time points, we used 
generalized estimating equations (GEE) models for ordinal outcomes with an exchangeability 
correlation structure[30]. Using this strategy, we assessed the relationship between exposures and 
job-related stress, meanwhile controlling for outcomes correlation. Additionally, GEE methods 
produce population-averaged estimates, i.e., we can describe marginal changes in the population 
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based on changes in studied covariates. Missing data were imputed using the multiple imputations by 
chained equations (MICE) approach[31], obtaining five imputed data set. We combined odds ratios 
and confidence intervals from the five imputed data sets using Rubin’s rules[32]. 
Occupational status, type of job and job-related chronic stress  
We added all potential confounders sequentially into the models to study the association between 
occupational status, type of job and job-related stress. We first examined unadjusted relationships 
using sequential covariate inclusion into the models as follows:  
Model 0: Each individual variable was added to study the relation between them and job-related 
stress. 
Model 1: Simultaneously included occupational status and the sociodemographic variables. 
Model 2: All variables in Model 1 and five different type of jobs variables.  
Model 3: All variables included in Model 2 and all non-job-related chronic stress variables. 
Greenness exposure and job-related chronic stress 
In the ordinal GEE model, we included the following covariates: sex, having children, parental 
socioeconomic status, level of education, occupational status, physical activity, type of job, non-job-
related psychological variables and environmental covariates (distance to sport facilities, distance to 
nearest urban green spaces, distances to nearest lake or river and percentage of tree coverage). We 
estimated separate models for Munich, Dresden and both cities combined. We calculated quartiles of 
NDVI using follow-up and city-specific quartiles to account for distributional differences between 
city and study period[33]. Additionally, given that physical activity could mediate the association 
between the greenness and the job-related chronic stress[34, 35], we conducted a mediation analysis 
using the approach in [36] to test this hypothesis. 
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Results 
Descriptive results of the 1688 SOLAR participants are given in table 11. More women than men took 
part in the study. About two thirds of the participants’ parents had high socioeconomic status. At 
SOLAR II, about half of participants were students and only around 3% had a child. Being 
professional and technician was the most frequent job group reported two years before to SOLAR II.  
Table 1. Descriptive results of the 1688 SOLAR I and II participants included in the first publication1. 
Variables Nmissing   % N 
Socio-demographics 
Sex⤈ 0   
Women  59 991 
Having children⤈ 10   
Yes   3 52 
Parental socio-economic status**⤈ 19   
High   64 1063 
Education⤈ 33   
Elementary  <1 8 
Secondary  26 432 
Advanced technical  12 199 
Higher  62 1043 
Physical activity † 33   
 >2hrs/week  32 511 
Chronic stress not related to the job⤈ 
Social overload  15   
Low  39 659 
Average  43 724 
High  17 290 
Lack of social recognition 15   
Low  45 760 
Average  41 682 
High  14 231 
Chronic worrying 17   
Low  51 853 
Average  28 474 
High   21 344 
Stressful memories 12   
Low  53 882 
Average  26 436 
High  21 358 
†: Measured at 2nd follow-up (SOLAR II) and taken from Herrera et al. (2018)[37].  
Nmissing: Missing values.  
** High defined as at least one parent having ≥12 years of schooling at SOLAR I.  
⤈: Measured at 1st follow-up (SOLAR I) and taken from Herrera et al (2017) [38]. 
                                                 
1  Descriptive results for the 2nd publication were almost identical since only 56 participants who moved out the study 
area had to be excluded from these analyses. See publication 2 for details.  
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Occupations, type of jobs and job-related chronic stress 
After adjustments, work overload increased statistically significantly from SOLAR I to SOLAR II 
(Table 2). After adjusting for additional covariates (Model 3), students were more likely to report 
higher levels of work overload than employees (aOR: 1.33, 95% CI: 1.07; 1.67). Similarly, self-
employed study participants reported higher levels of work overload compared with employees (aOR: 
2.55, 95%CI: 1.16; 5.58). Regarding the job categories, young adults working in the healthcare sector 
had higher chances of reporting work overload compared to those who never worked in this sector 
(aOR: 1.17, 95% CI: 1.01; 1.37). 
Table 2. Unadjusted (OR) and adjusted odds ratios (aOR) with 95% confidence intervals (95% CI) 
after multiple imputation for work overload. Prospective cohort of 1688 young adults in Germany. 
Taken from Herrera et al (2017)[38]. 
 Model 0 Model 1 Model 2 Model 3 
 OR (95% CI) aOR‡ (95% CI) aOR‡ (95% CI) aOR‡ (95% CI) 
Follow-up     
SOLAR I 1 - 1 1 
SOLAR II 1.12 (1.04, 1.20)* 1.51 (1.23, 1.85)* 1.50 (1.23, 1.84)* 1.55 (1.22, 1.95)* 
Occupation     
Employed 1 1 1 1 
Student 1.01 (0.89, 1.16) 1.30 (1.08, 1.57)* 1.30 (1.08, 1.57)* 1.33 (1.07, 1.67)* 
Vocational trainee 0.96 (0.82, 1.13) 1.11 (0.92, 1.33) 1.10 (0.92, 1.33) 1.07 (0.86, 1.34) 
Unemployed 0.71 (0.49, 1.03) 0.70 (0.47, 1.05) 0.70 (0.47, 1.05) 0.62 (0.39, 1.00) 
Other 1.10 (0.77, 1.57) 1.09 (0.73, 1.62) 1.08 (0.73, 1.61) 1.07 (0.69, 1.67) 
Self-employed 2.08 (1.10, 3.94)* 2.32 (1.16, 4.62)* 2.34 (1.16, 4.69)* 2.55 (1.16, 5.58)* 
Clerks ** 1.04 (0.88, 1.24) - 0.98 (0.82, 1.16) 1.04 (0.87, 1.25) 
Professionals and  
technicians ** 
0.99 (0.87, 1.13) - 0.95 (0.83, 1.09) 0.94 (0.82, 1.08) 
Health professions ** 1.19 (1.02, 1.38)* - 1.20 (1.03, 1.41)* 1.17 (1.01, 1.37)* 
Plant machine operators ** 0.81 (0.70, 0.93)* - 0.91 (0.79, 1.06) 0.92 (0.79, 1.08) 
Elementary occupations ** 1.00 (0.83, 1.22) - 1.07 (0.87, 1.32) 1.01 (0.81, 1.27) 
* Statistically significant. ** Reference category “Not working in the job”. ‡ aOR: Adjusted odds ratios.  
Model 0: Each individual variable was added to study the relation between them and job-related stress. Model 1: Simultaneously included 
occupational status and the sociodemographic variables. Model 2: All variables in Model 1 and five different type of jobs variables.  Model 
3: All variables included in Model 2 and all non-job-related chronic stress variables. 
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After adjusting for all covariates in Model 3, work discontent did not statistically significantly change 
between SOLAR I and SOLAR II, (aOR: 1.08, 95%CI: 0.86; 1.36). Students were equally likely to 
report work discontent compared with employees (aOR: 1.06, 95%CI: 0.84; 1.34). Unemployed 
participants had twice the chance of reporting higher levels of work discontent at follow-up than the 
employees (aOR: 2.15, 95%CI: 1.50; 3.09). In respect to the five studied job categories, workers in 
the healthcare sector, clerks and plant machine operators were less likely to report work discontent 
than those who never worked in those sectors (Table 3). 
Table 3. Unadjusted (OR) and adjusted odds ratios (aOR) with 95% confidence intervals (95% CI) 
after multiple imputation for work discontent Prospective cohort of 1688 young adults in Germany. 
Taken from Herrera et al. (2018)[38]. 
 Model 0 Model 1 Model 2 Model 3 
 OR (95% CI) aOR‡ (95% CI) aOR‡ (95% CI) aOR‡ (95% CI) 
Follow-Up     
SOLAR I 1 1 1 1 
SOLAR II 0.68 (0.63, 0.74)* 1.11 (0.90, 1.38) 1.11 (0.90, 1.38) 1.08 (0.86, 1.36) 
Occupation     
Employed 1 1 1 1 
Student 1.25 (1.06, 1.46)* 1.08 (0.87, 1.35) 1.10 (0.88, 1.37) 1.06 (0.84, 1.34) 
Apprentice 0.97 (0.80, 1.18) 0.98 (0.80, 1.22) 0.99 (0.80, 1.22) 0.91 (0.72, 1.14) 
Unemployed 2.04 (1.48, 2.82)* 2.08 (1.50, 2.88)* 2.10 (1.52, 2.91)* 2.15 (1.50, 3.09)* 
Other 1.52 (1.07, 2.18)* 1.49 (1.01, 2.19)* 1.50 (1.02, 2.21)* 1.46 (0.95, 2.26) 
Self-employed 0.69 (0.21, 2.20) 0.71 (0.24, 2.14) 0.70 (0.24, 2.05) 0.61 (0.19, 1.98) 
Clerk** 0.82 (0.69, 0.97)* - 0.79 (0.66, 0.95)* 0.81 (0.68, 0.98)* 
Professionals and technicians** 0.91 (0.80, 1.03) - 0.90 (0.79, 1.02) 0.90 (0.79, 1.04) 
Health professions ** 0.86 (0.73, 1.01) - 0.84 (0.71, 1.00) 0.80 (0.67, 0.95)* 
Plant machine operators** 0.84 (0.72, 0.97)* - 0.81 (0.70, 0.95)* 0.82 (0.70, 0.96)* 
Elementary occupations** 0.98 (0.79, 1.21) - 0.99 (0.80, 1.24) 0.94 (0.74, 1.19) 
* Statistically significant. ** Reference category “Not working in the job”. ‡ aOR: Adjusted odds ratios.  
Model 0: Each individual variable was added to study the relation between them and job-related stress. Model 1: Simultaneously 
included occupational status and the sociodemographic variables. Model 2: All variables in Model 1 and five different type of jobs 
variables. Model 3: All variables included in Model 2 and all non-job-related chronic stress variables 
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Greenness of the home environment and job-related chronic stress 
Average NDVI values within a 500 m buffer in SOLAR I were higher in Dresden (median: 0.36, 
interquartile range: 0.31;0.41) than in Munich (0.31; IQR: 0.26; 0.34). In SOLAR II, greenness 
decreased for participants in Dresden (0.31; IQR = 0.26; 0.34), but not for participants in Munich. In 
the univariate analysis, the prevalence of high levels of the studied job-related chronic stress 
decreased by the increment of levels of greenness within a buffer of 500 m around participants’ 
homes. Once we controlled by all covariates, these results were confirmed (Figure 1). When we 
restricted the study population to participants who did not change residence between ISAAC II and 
SOLAR II (n=443 in Munich and n=186 in Dresden), we found similar associations as those using 
the whole study population (Figure 2). Results were more consistent for Munich than Dresden. 
 
Figure 1. City specific associations between greenness in 500 m buffer around participants’ homes and work 
discontent and work overload. Models adjusted for: sex, having children, physical activity, education, current 
status, type of job, non-job-related psychological variables and environmental variables using complete cases 
(n=1430), Munich (n=779) and Dresden (n=651) Taken from Herrera et al. (2018)[37]. 
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Figure 2. City specific associations between greenness in 500 m buffer and work discontent and work 
overload. Models adjusted for: sex, having children, physical activity, education, current status, type of job, 
non-job related psychological variables and environmental variables using complete cases that never moved 
(n=629), Munich (n=443) and Dresden (n=186). Taken from Herrera et al (2018)[37]. 
 
Discussion 
In the analyses of data of young adults transitioning from school to university/work life, we showed 
increased levels of chronic stress compared to school life with higher increments in work overload in 
university students compared to employees. At the same time, university students reported less work 
discontent compared to employed participants. Finally, exposure to green spaces around the home 
environment was associated with reduction of job-related chronic stress perception.  
Other studies on stress in young workers also reported changes in chronic stress levels in the transition 
from school to working life[39]. Psychological conditions of the work environments and less familiar 
working conditions could lead to an elevated perception of chronic stress and musculoskeletal 
disorders[40]. Studies involving participants at the university indicated that students feel 
overwhelmed and that there is not enough time to complete their activities[41, 42]. 
Likewise, we found increments in levels of job-related chronic stress for specific occupational groups; 
similar findings were reported in a French cohort[3]. E.g., over time, work discontent decreased 
statistically significantly in participants working as clerks and machine operators. This could be 
attributable to the fact that young people can apply their manual skill in direct practice while they felt 
stressed by intellectual requests at school. In contrast, participants in the healthcare sector were 
affected by higher work overload while reporting less work discontent. However, the perception of 
work discontent is likely to change after several years of working in this sector[43]. Other studies 
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have shown that people working in highly demanding jobs like those in the healthcare sector are at 
higher risk of developing depression and anxiety disorders[44]. 
Like in our second analysis, several studies have shown positive mental health benefits of 
greenspaces[18, 20, 45], and that these benefits could be attributable to increments in physical 
activities[14, 35, 46]. Nevertheless, in our mediation analysis we did not find that physical activity 
acted as a mediator. We estimated different patterns in associations between Munich and Dresden, 
this is expected because both cities have different distributions of several other factors, like socio-
economic status, which may affect the impact of greenness exposure and job-related chronic 
stress[33]. 
 
Strengths and limitations 
Outcomes in both analyses relied on self-report of job-related chronic stress situations, which can 
lead to reporting bias influenced by personality. This bias may be influenced additionally by many 
personal, social or cultural characteristics. Therefore, we controlled for non-job related chronic stress, 
sex, education, having children and parental socioeconomic status.  
In the first analysis, the definition of occupation groups was based on a well-established standardized 
coding instrument (ISCO-88) and done by trained coders. Moreover, we restricted the analysis to 
most common professions in the study population. Additionally, because health status could have 
conditioned the initial jobs participants had. This fact could lead to a healthy worker effect which 
could lead in biases in our estimates[47].  
We could not find enough quality satellite images to calculate greenness at SOLAR I. Nevertheless, 
we expected that greenness remained stable over several years[35]. Greenness exposure at 
workplaces was not measured because addresses of the workplace were not obtained for ethical 
considerations. This fact also made impossible to calculate the commuting green space of 
participants, which is a common shortcoming in this type of studies, and almost no study has obtained 
information different than the residential address for NDVI calculations[48, 49].  
Females and children of parents with higher education levels were more likely to take part in each 
follow-up[23], therefore, generalizability might be limited to families with higher SES. To reduce 
selection bias, we used several strategies to increase the participation in each follow-up. 
Among the strengths, we used a prospective design that allowed us to differentiate a temporal 
sequence between exposures and outcomes. The main focus of the study was asthma and allergies. 
Therefore, participants were not aware of the hypothesis of both analyses, and we expected a limited 
differential misclassification of the outcomes. 
We used the Trier Inventory for the Assessment of Chronic Stress (TICS) scale[25, 26], which is a 
well-established and validated instrument in German language that allows valid comparisons of stress 
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levels among students and non-students. Additionally, this instrument can be applied both to the 
university and working environments. 
For the calculation of exposure to greenness around homes, we used NDVI as a proxy for exposure 
to green spaces and all kind of vegetation. This index is a standardized and objective assessment 
based on good satellite resolution images at each follow-up. 
 
Conclusion 
Our analyses of data from young adults in transition from school to university /work life provide 
further knowledge about occupational and environmental factors associated with job-related chronic 
stress in this population. Besides the contribution we did to the literature on occupational health 
among young adults transitioning into working life, we also understand better how certain 
professions, like those working in the health sector, could lead to a higher perception of job-related 
chronic stress, and also how university students perceived more job-related chronic stress. In this 
sense, we recommend to implement stress-relieving interventions to university students and health 
professionals. To the best of our knowledge, our study is among the first indicating that green spaces 
around the home could lead to a lower perception of job-related chronic stress in young adults. We 
consider it important that in constantly growing cities policy makers consider access to greenness as 
a strategy for mental health promotion. 
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Contributions to the Individual Publications 
The present dissertation summarizes two publications studying the association between some 
occupational and environmental factors and job-related chronic stress. The study population consisted 
of young adults transitioning from school to university or job life in two German cities, Munich and 
Dresden. In the first publication, we studied the association of occupation and type of job with job-
related chronic stress, and we learned that in this particular cohort, participants experienced higher 
levels of job-related chronic stress depending on the specific occupational factors. Knowing this, we 
used participants’ home addresses to calculate a proxy of exposure to greenness around their homes 
(NDVI), controlling for the type of job and other covariates of interest. The aim of this second studied 
was to study the relation between different levels of greenness and job-related chronic stress, after 
controlling for occupational factors.  
My contribution to each publication will be outlined as follows: 
Publication 1: Chronic Stress in Young German Adults: Who Is Affected? A Prospective 
Cohort Study. International Journal of Environmental Research and Public Health. 
2017;14(11):1325. 
Supervised by Dr. Ursula Berger and Prof. Dr. Katja Radon, I designed and performed the statistical 
analysis data plan. It included the programming of all routines for the plausibility check of data, 
univariate analysis, and data preparation. I programmed and executed the R code for the ordinal 
estimation of the generalized estimating equation models, multiple imputation strategies and 
production of the figures results. I wrote manuscript supervised by Prof. Dr. Radon. Finally, I was 
in charge of the paper submission to journal. 
 
Publication 2: Greenness and job-related chronic stress in young adults: a prospective cohort 
study in Germany. BMJ Open 2018;8:e021599. doi: 10.1136/bmjopen-2018-021599. 
 
This paper was a consequence of the first paper, where we already knew that our study population 
experienced higher levels of job-related chronic stress. Using this knowledge, we aimed to study 
whether exposure to greenness was related with this specific type of chronic stress. I was in charge 
of standardized participants’ addresses to obtain their geo-coordinates. Using the addresses,  Dr. 
Markevich and Dr. Heinrich produced the primary exposure (NDVI) and the environmental 
covariates. Jointly with Prof. Dr. Radon and Dr. Berger, we designed the statistical analysis plan. I 
was in charge of writing and executing the R code for this analysis. Under the supervision of Prof. 
Dr. Radon, I produced the figures, graphs, and tables of the paper. I wrote the manuscript. Finally, I 
prepared and submitted the final manuscript to the journal.  
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Original Publications 
 
Publication 1 
Herrera R, Berger U, Genuneit J, Gerlich J, Nowak D, Schlotz W, et al. Chronic Stress in Young 
German Adults: Who Is Affected? A Prospective Cohort Study. International Journal of 
Environmental Research and Public Health. 2017;14(11):1325. 
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Herrera R, Markevych I, Berger U, Genuneit J, Gerlich J, Nowak D, et al. Greenness and job-
related chronic stress in young adults: a prospective cohort study in Germany. BMJ Open. 
2018;8(6):e021599. 
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